Abstract Objective To investigate T cell activation following facial nerve axotomization and latent neuroimmunologic mechanisms in traumatic facial paralysis. Methods A murine model of facial nerve transaction was used. Lymphocytes from cervical and mesenteric lymph nodes in BABL/c mice at specific times were collected and expression rates of CD69 on T cells were assessed by flow cytometry. Results Infiltrating T cells were detected around the facial neurons in the facial nerve nucleus in mice whose facial nerve was transected. Immunofluorescent staining showed recruitment of activated T cells. Three days post-facial nerve transection, the expression rate of CD69 on T cells from cervical draining lymphoid nodes(CDLNs) was significantly different from that on T cells from mesenteric lymph nodes(MLNs) (P＝0.0457), whereas the latter was similar to that in animals undergoing sham surgeries and that in blank control animals(p= 0.2817 and 0.2724, respectively). Two weeks post-nerve transection, the T cell CD69 expression rate from CDLNs remained at a higher level and than that in the sham-operation animals(p= 0.0007). At two weeks, CD69 expression rate on T cells from MLNs was also up-regulated and different compared with the sham-operation animals and with itself at three days postoperation(p= 0.0082 and 0.0133, respectively ). Conclusion T cells appear to be activated and up-regulated in CDLNs following facial nerve transection. There is even evidence of T cell activation in MLNs at 2 weeks post-nerve transection. This suggestes an alteration of immune response from local to general immunity in the acute stage of facial nerve trauma, which may help coordinating and controlling the scales and orientation of the neuroimmune response during the pathogenesis and progression of facial nerve trauma.
Introduction
T cell activation plays an important role in triggering immune response in many diseases, including nerve injury [1, 2] . Interest in immune activation in facial nerve injury is increasing because studies have shown that irreversible axonal damage occurs earlier than previously thought [3] . The classic viewpoint of facial nerve injury pathology focuses on demyelinating lesions characterized by the presence of T cells, B cells and phagocytic macrophages [4] . Disease activity is probably initiated by systemic activation of myelin-reactive T cells, followed by activated T cell migration into the central nerve system
Journal of Otology 2010 Vol. 5 No. 2 (CNS), including facial nucleus, and the sequential recruitment of additional inflammatory cells to facial motoneurons [5] . Cells primarily accumulate in the perivascular space and subsequently migrate into the CNS parenchyma. The recruitment and migration of leukocytes into the CNS are orchestrated by chemokines. And activated T cells that express specific combi-nations of adhesion molecules and chemokine receptors are preferentially attracted to CNS by chemokines produced within the target tissue. Hence, in patients with facial nerve injury, the expression of adhesion molecules and chemoki-nes on the surface of activated T cells governs the recruitment of immune cells to the CNS [6, 7] . Moreover the expression of other activation and differentiation molecules reflects the function of recruited T cells. However, the status of T cells and definitive molecular and cellular immuno-pathological mechanisms in facial nerve injury are unknown.
CD69 is the earliest cell surface marker ex• pressed in activated immune cells. Generally speaking, in static state (without being stimulat• ed), the immune cell does not express CD69, al• though it can be rapidly spurred to expressing by stimulating signals [8] . Therefore, CD69 is the ideal index to appraise immune cell' s state of fun-ction [9] [10] [11] [12] . Its stimulation leads to IL-2 pro• duction and increases CD25 expression, finally causing T cell proliferation. The present study was consequently undertaken to detect the pres• ence of activated T cells in a mouse model with facial nerve transection. To this point, T lympho• cytes collected from cervical draining lymph nodes (CDLNs) and the mesenteric lymph nodes(MLNs) were used to represent local and "remote"(systemic) immune responses respec• tively in the current study. Early activation antigen CD69 on T cells was examined by flow cytometry so as to provide preliminary reference data on la• tent neuroimmunologic mechanisms of traumatic facial paralysis. 10% Chloral Hydrate, they were first perfused in• tracardially(30 ml/min) with 200 ml of phosphate buffer solution (PBS) (10 mM Na2HPO4 , 0.84% NaCl, pH 7.4), followed by 200 ml of 4% for• ma-ldehyde (FA) in PBS (4% FA/PBS), and the brain stem was removed and post-fixed by 2 hr immersion in 1% FA/PBS at 4°C on a rotator (8 rpm). The tissue was cryoprotected by an over• night rotating immersion in sucrose (30% su• crose, 10 mM Na2HPO4, pH 7.4, 4°C), frozen on dry ice, and then cut in a cryostat at the level of the facial motor nucleus. Sections(30 μm) were collected on warm, 0.5% gelatin-dipped slides.
Immunohistochemistry staining with CD3
Tissue sections were incubated with the prima• ry anti-mouse CD3 antibodies(PharMingen) over• night, then with biotinylated goat anti-rat second• ary antibody and avidin-biotin peroxidase com• plex (ABC, Vector), completed with visualization with diaminobenzidine/H2O2(DAB, Sigma). Sec• tions were washed in PBS following each incuba• tion step. viously in detail [11, 12] . In brief, the lymphocytes sep• arated from CDLNs and MLNs at DPO3 and Three samples were collected and tested on each set test day. Data are present• ed as mean ± s, and differences between groups were compared using t-test. P value <0.05 is set as statistically significant.
Results
None of the animals in the present study showed signs of recovering from unilateral facial paralysis after facial nerve transection.
CD3 in facial nucleus
CD3 is one of the specific cell surface markers on T cells. Its expression on T cells in the facial nucleus in this study is depicted in Figure 1 as positive staining under the microscope. (Fig. 3C and 3D ). However, CD69 expression on CDLN T cells in sham-operation mice had dropped to normal lev• els at 0.14 ± 0.01% (Fig. 3F) , lower than that at DPO3 (P=0.0212). A significant difference in ex• pression of CD69 on T cells from CDLNs was seen between mice with transected facial nerve and those in the sham-operation group(P= 0.0007). At the same time, CD69 expression on T cells from MLNs increased in mice with facial nerve transection to 0.49±0.05% (Fig. 3G ), higher than sham-operation mice and than at DPO3(P= 0.0082 and P=0.0133, respectively) (Fig. 3H ).
Dｉｓｃｕｓｓｉｏｎ
At present, Neuritis and demyelization are gen• erally acknowledged as common pathophysiologi• cal foundation of peripheral facial paralysis (Bell' s palsy, traumatic, infectious and others) by schol• ars home and abroad [4, 13 ] . Cellular immune re• sponse and humoral immune response play a key role in the outbreak and development of peripher• 
· · 71
Journal of Otology 2010 Vol. 5 No. 2 al facial paralysis [14, 15] . However, precise cellular and molecular immune mechanisms of peripheral facial paralysis have not been discovered so far, leading to a weak foundation of theories to the contemporary treatment. With currently available treatments (conservative medical treatments, sur• geries, and complimentary treatments including traditional Chinese herbal medicines and acupunc• ture and moxibustion), a significant number of pa• tients are left with such sequelae as facial paraly• sis and permanent facial deformity, causing great agony and psychological burden to them [16] . It can be inferred from our previous research that the representative immune cell activation and recruit• ment of T cell and monocyte/macrophage may be the cellular immunity foundations of peripheral fa• cial nerve demyelization and facial motoneuron death [17, 18] . The pathophysiological meanings of T cell activation and CD69 expression in a mouse model of traumatic peripheral facial paralysis were probed here with fluorescence-activated cell sorting.
T cell activation is a result of complicated ac• tion between multiple ligand-receptors, which are offered by T cells and antigen-presenting cells (APC) including the formation of immunologi• cal synapse(IS) [19, 20] . The interactive integration trig• gers biochemistry events in T cells that lead to (Fig 1-2 (BBB) and infiltrate facial nucleus [21] . [22, 23] . There is a dynamic course for immune regu• lation in the immune system.
CD69 expression upregulation in T cells from
MLNs is probably through the mechanism of sys• temic immune regulation networks started by lo• cal immune response. Two weeks after nerve in• jury, the upregulation of CD69 expression in T cells of lymph nodes is simply the result of the surveillance mechanisms of the immune regula• tion network, which is started by the key process immune response with appropriate T cell activa• tion. Abnormal T cell activation, too high or too low, means nerve pathological emergence for the organism(autoimmunity / immune deficiency) [24] . ry. The conception of 'immune microenviron• ment for repair and regeneration of facial nerve' , as we have previously introduced [17, 18, 25] , [26] . Studies have showed that specific T cell sub• groups have a relationship with the survival of fa• cial motorneurons [18, 27] . 
